analysis to a single value that clinical chemists will easily understand. In the derivation of the coefficient of analysis, we also define two secondary statistics: the coefficient of bias, which is mathematically similar to the CV and represents the inaccuracy of an analysis, and the coefficient of accuracy, which is mathematically represented as 100 minus the coefficient of bias and is a measure of the accuracy of the analysis.
AddItIonalKeyphrase: statistics
In 1973, Westgard and Hunt (1) described the use and interpretation of statistical tests in method-comparison studies, and described how to evaluate a new analytical method with respect to both precision and accuracy. They defined quite explicitly the random errors associated with precision and systematic errors associated with accuracy.
There has been a gradual change in recent years from an emphasis on precision alone towards an emphasis on accuracy. However, the question arises as to how one can relate both accuracy and precision in a simplified statistic that can be used routinely and interpreted easily by the laboratory analyst and the clinician. Because the clinical chemist has been evaluating imprecision for years by use of the coefficient of variation (CV), we decided that any new statistic would best be a comparable type of statistic to facilitate understanding. We believe we have derived such a statistic: the coefficient of analysis. This is defined as 100 minus R, where R represents the calculated term relating both imprecision (by using the coefficient of variation) and inaccuracy (by using the coefficient of bias, a term comparable to the CV).
-CV (in percent) is calculated as (SD/k) X 100, where X is the mean value for a set of samples. So defined, the CV is a measure of the imprecision of the analyses. Most manufacturers of control sera and calibrators include in their direction inserts the principal assigned assay values for both manual and automated procedures. These values represent a single averaged value for an analyte that has been measured by the best (reference) method available for its analysis. The clinical chemist ordinarily determines the mean value and the standard deviation, to calculate the CV (also called"relative standard deviation"). The differencebetween the mean value and the value as determined by the reference method isknown as the bias of the analysis. Ideally, the mean value would coincidewith the assignedvalue, but this seldom occurs in actual practice, owing to variables of procedures, to the CV. It is mathematically defined as 100 times the absolute difference between the assigned value and the mean, divided by the assigned value. The CB is a measurement of the inaccuracy of the laboratory results.
We agree with the European opinion, which has been adopted by the IFCC (2) , that precision is measured as follows: the coefficient of precision = 100 -CV.
Analogously: the coefficient of accuracy = 100 -CB.
In establishing these two independent terms to describe the accuracy and the precision of laboratory analyses, we have developed the concept of a single figure of merit to relate them, which we call the coefficient of analysis (CA).
As mentioned earlier, CA = 100 -R; and R is calculated as v'(CV)2 + (CB)2 . Both imprecision and inaccuracy are taken into account to give an overall number that reflects the performance of a set of analyses; moreover, all of the new terms are defined in a parallel manner from the CV, an established and accepted laboratory term.
In the remainder of this paper we give several examples in which theoretical and real laboratory data are used in deriving the CA. Table 1 shows how the coefficients of precision, accuracy, and analysis are related to an example set of data. The data range from 100 to 124, in increments of 4, and the mean, SD, and CV are as listed. When the true (assigned) value is 105.8, the coefficients of precision and of accuracy, determined as described above, are 92.28 and 94.14%, respectively. The overall single figure of merit for the work performed, the coefficient of analysis, is 90.13%. By definition the coefficient of analysis would always be less than or equal to either the coefficient of precision or coefficient of accuracy. When the true (assigned) value was changed to 110, the coefficient of precision remained the same, but the coefficient of accuracy and the coefficient of analysis were improved.
The practical use of the coefficient of analysis is illustrated in Tables 2,3 , and 4, in which extrapolated data from the CAP Survey for 1978 (3) are used. We used as examples three different constituents that differ in expected values by about 10-fold from two separate vial lots (C-7 and C-8). These constituents are glucose (with an expected value of about 100 mg/dL), serum urea nitrogen (with an expected value in the upper 10 mg/dL range) and bilirubin (with an expected value of about 1 mg/dL). Table 2 contains the data analysis of glucose from the 1978 CAP Survey. The o-toluidine method (4) was the reference method; true (assigned) glucose values were 73.8 and 91.8 mg/dL for vials C-7 and C-8, respectively.
Method-systems were analyzed with respect to precision and accuracy to yield the coefficient of analysis for both vials. Table 3 illustrates the values obtained for serum urea nitrogen by the diacetyl monoxime reference procedure (5) . The true (assigned) values for urea nitrogen were 37.4 and 15.8 mg/dL for vials C-7 and C-8, respectively. The highest coef- ficient of analysis was reported with the Technicon SMAC, the lowest (<90%) with the Hycel Super 17. Table 4 summarizes the data for bilirubin in the 1978 CAP Survey; the Jendrassik-Grof method with a blank was the reference procedure (6) . The Technicon SMAC with a blank yielded the highest coefficients of analysis, 88.8 and 90% for vials C-7 and C-8, respectively. However, the Jendrassik-Grof manual method without a blank gave the lowest coefficients of analysis (75.5 and 68.7% for vials C-7 and C-8, respectively).
The concept for the coefficient of analysis incorporates the use of the pythagorean theorem and has been derived from the value R, corresponding to the hypotenuse of a right triangle. Because both components of R are treated equally with no special weighting for inaccuracy or imprecision, the clinical chemist is able to decide whether problems of precision or accuracy, or both, should be corrected to improve the coefficient of analysis.
In discussing this concept with other clinical chemists, we have been able to determine both advantages and disadvantages to the concept of the coefficient of analysis. It is a simple concept and can be easily related to statistics being used now (CV); it is non-dimensional;
and it relates both precision and accuracy to a single term for evaluation of overall laboratory performance.
Against this is the argument that bias (inaccuracy) and variation (imprecision)
are not vectorable items.
Because this concept is simple to understand and to use in the laboratory as a single figure of merit for overall laboratory performance, we believe that its use by national organizations and manufacturers would serve as the next major step in quality assurance in the clinical laboratory.
